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(57) ABSTRACT

Example implementations may relate to methods and sys-
tems for disturbing or deceiving sensors of robotic devices.
Accordingly, a computing system may detect that a robotic
device has entered a particular physical region. Respon-
sively, the computing system may then determine at least
one type of sensor that 1s associated with the robotic device
and 1s used to detect reflected 1llumination that 1s reflected
from an object. Based on the determined at least one type of
sensor, the computing system may then select (1) at least one
particular type of disturbing illumination and (11) a target
location within the particular physical region. Upon the
selection, the computing system may direct at least one light
source to emit the selected at least one particular type of
disturbing illumination towards the selected target location
so as to disturb the reflected 1llumination detectable by the
robotic device using the at least one type of sensor.
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DETECT BY A COMPUTING SYSTEM, THAT A ROBOTIC DEVICE HAS ﬁ/”
' ENTERED A PARTICULAR PHYSICAL REGION '

IN RESPONSE TO DETECTING THAT THE ROBOTIC DEVICE HAS |
. ENTERED THE PARTICULAR PHYSICAL REGION, THE COMPUTING § 404
'SYSTEM DETERMINES AT LEAST ONE TYPE OF SENSOR ASSOCIATED} /
. WITH THE ROBOTIC DEVICE, WHERE THE AT LEAST ONE TYPE OF §
SENSOR IS USED TO DETECT REFLECTED ILLUMINATION THAT IS
REFLECTED FROM AT LEAST ONE OBJECT

llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

BASED ON THE DETERMINED AT LEAST ONE TYPE OF SENSOR, THE 406
 COMPUTING SYSTEM SELECTS (I) AT LEAST ONE PARTICULAR TYPE{ /
. OF DISTURBING ILLUMINATION AND (II) A TARGET LOCATION |
WITHIN THE PARTICULAR PHYSICAL REGION

. THE COMPUTING SYSTEM DIRECTS AT LEAST ONE LIGHT SOURCE |

. TO EMIT THE SELECTED AT LEAST ONE PARTICULAR TYPEOF | 408
DISTURBING ILLUMINATION TOWARDS THE SELECTED TARGET | ~

. LOCATION SO AS TO DISTURB THE REFLECTED ILLUMINATION |

- DETECTABLE BY THE ROBOTIC DEVICE USING THE AT LEAST ONE

5 TYPE OF SENSOR -
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DISABLING ROBOT SENSORS

CROSS REFERENCE TO RELATED
APPLICATION

The present application claims prionity to U.S. patent
application Ser. No. 14/819.,874, filed on Aug. 6, 2015 and
entitled “Disabling Robot Sensors,” which 1s hereby incor-
porated by reference in its entirety.

BACKGROUND

Robotic systems may be used for applications involving
material handling, welding, assembly, and dispensing,
among others. Over time, the manner 1n which these robotic
systems operate 1s becoming more intelligent, more eflicient,
and more mtuitive. As robotic systems become increasingly
prevalent 1n numerous aspects of modern life, the need for
robotic systems capable of safely working 1n various envi-
ronments becomes apparent. Therefore, a demand for such
robotic systems has helped open up a field of imnovation in
safety techniques, sensing techniques, as well as component
design and assembly.

SUMMARY

According to an example implementation, a computing
system may detect that a robotic device has entered or 1s
about to enter a particular physical region. Once the com-
puting system make this detection, the computing system
may then determine a type of sensor system that 1s used the
robotic device to interact with the environment. Generally,
such a sensor system may emit source illumination or
assume external source illumination that i1s reflected off
objects to result 1n reflected illumination detectable by the
robotic device. Then, based on the determined sensor sys-
tem, the computing system may select (1) a particular type of
disturbing 1llumination and (1) a target location within the
particular physical region. Upon the selection, the comput-
ing system may then direct a light source to emit the selected
type of disturbing i1llumination towards the selected target
location so as to disturb the reflected i1llumination detectable
by the robotic device using the sensor system. In this
manner, the disturbing 1llumination could disturb the sensor
system or could deceive the sensor system to cause a change
in operation of the robotic device, among other possible
outcomes.

In one aspect, a method 1s provided. The method 1involves
detecting, by a computing system, that a robotic device has
entered a particular physical region. The method also
involves, 1n response to detecting that the robotic device has
entered the particular physical region, the computing system
determining at least one type of sensor associated with the
robotic device, where the at least one type of sensor 1s used
to detect retlected 1llumination that 1s retlected from at least
one object. The method additionally involves, based on the
determined at least one type of sensor, the computing system
selecting (1) at least one particular type of disturbing illu-
mination and (1) a target location within the particular
physical region. The method further involves the computing
system directing at least one light source to emait the selected
at least one particular type of disturbing i1llumination
towards the selected target location so as to disturb the
reflected 1llumination detectable by the robotic device using,
the at least one type of sensor.

In another aspect, a system 1s provided. The system
includes at least one light source, one or more processors,
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and a non-transitory computer readable medium. The system
also 1ncludes program instructions stored on the non-tran-
sitory computer readable medium and executable by the one
or more processors to detect that a robotic device has entered
a particular physical region. The program instructions are
also executable to, 1 response to detecting that the robotic
device has entered the particular physical region, determine
at least one type of sensor associated with the robotic device,
where the at least one type of sensor 1s used to detect
reflected illumination that 1s reflected from at least one
object. The program instructions are additionally executable
to, based on the determined at least one type of sensor, select
(1) at least one particular type of disturbing illumination and
(11) a target location within the particular physical region.
The program instructions are further executable to direct the
at least one light source to emit the selected at least one
particular type of disturbing illumination towards the
selected target location so as to disturb the reflected 1llumi-
nation detectable by the robotic device using the at least one
type of sensor.

In yet another aspect, a non-transitory computer readable
medium 1s provided. The non-transitory computer readable
medium has stored therein instructions executable by one or
more processors to cause a computing system to perform
functions. The functions include detecting that a robotic
device has entered a particular physical region. The func-
tions also include, in response to detecting that the robotic
device has entered the particular physical region, determin-
ing at least one type of sensor associated with the robotic
device, where the at least one type of sensor 1s used to detect
reflected 1llumination that 1s reflected from at least one
object. The functions additionally include, based on the
determined at least one type of sensor, selecting (1) at least
one particular type of disturbing illumination and (11) a target
location within the particular physical region. The functions
turther include directing at least one light source to emit the
selected at least one particular type of disturbing illumina-
tion towards the selected target location so as to disturb the
reflected 1llumination detectable by the robotic device using
the at least one type of sensor.

In yet another aspect, a system 1s provided. The system
may include means for detecting that a robotic device has
entered a particular physical region. The system may also
include means for, 1n response to detecting that the robotic
device has entered the particular physical region, determin-
ing at least one type of sensor associated with the robotic
device, where the at least one type of sensor 1s used to detect
reflected i1llumination that 1s reflected from at least one
object. The system may additionally include means ifor,
based on the determined at least one type of sensor, selecting
(1) at least one particular type of disturbing 1llumination and
(11) a target location within the particular physical region.
The system may further include means for directing at least
one light source to emit the selected at least one particular

type ol disturbing illumination towards the selected target
location so as to disturb the reflected 1llumination detectable

by the robotic device using the at least one type of sensor.
These as well as other aspects, advantages, and alterna-
tives will become apparent to those of ordinary skill 1n the
art by reading the following detailed description, with ret-
erence where appropriate to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A 1illustrates components of an example robotic
device, according to an example implementation.
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FIG. 1B illustrates an example humanoid robot, according,
to an example implementation.

FIG. 2 illustrates components of an example computing
system, according to an example implementation.

FIG. 3 A 1llustrates components within an example physi-
cal region, according to an example implementation.

FIG. 3B illustrates an example physical region, according,
to an example implementation.

FIG. 4 1s an example flowchart for selecting at least one
type of disturbing illumination, according to an example
implementation.

FIG. 5A 1llustrates the example humanoid robot within
the example physical region, according to an example
implementation.

FI1G. 5B 1llustrates example disturbing 1llumination within
the example physical region, according to an example
implementation.

DETAILED DESCRIPTION

Example methods and systems are described herein. It
should be understood that the words “example,” “exem-
plary,” and *“illustrative™ are used herein to mean “serving as
an example, instance, or illustration.” Any implementation
or feature described herein as being an “example,” being
“exemplary,” or being “illustrative” 1s not necessarily to be
construed as preferred or advantageous over other imple-
mentations or features. The example 1mplementations
described herein are not meant to be limiting. It will be
readily understood that the aspects of the present disclosure,
as generally described herein, and illustrated 1n the figures,
can be arranged, substituted, combined, separated, and

designed 1n a wide variety of diflerent configurations, all of
which are explicitly contemplated herein.

I. OVERVIEW

According to various implementations, described herein
are methods and systems for using disturbing illumination to
disable, mislead, or otherwise disturb sensor systems of
robotic devices, such as optical depth sensors for instance. In
some examples, a robotic device may use a sensor system
that may emit source i1llumination that 1s then reflected from
objects 1n the environment and i1s then detected by such
sensors so as to gain data about the environment 1n which the
robotic device 1s operating. These sensors may include a
light detection and ranging (LIDAR) device, a time-of-tlight
camera, and/or a structured light scanner, among others. In
other examples, sensor systems such as stereo cameras could
use other sources of 1llumination (e.g., natural lighting) that
1s reflected from objects 1 the environment and 1s then
detected so as to gain data about the environment 1n which
the robotic device 1s operating.

As a robotic device uses data from one or more such
sensor systems to interact with and move around the envi-
ronment, the robotic device may sometimes seek to enter
restricted zones, such as a restricted zone within a manu-
facturing facility, or may otherwise seek to operate 1n a
region where the robotic device should not operate, such as
due to safety considerations or for other reasons. Within
examples, a system may use disturbing i1llumination to keep
robotic devices away from such regions or to cause the
robotic devices to exit such regions, among other possible
uses.

Accordingly, a computing system may be 1 communi-
cation with light sources, light detectors, and/or various
sensors each positioned within or in the vicinity of a physical
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region. With this arrangement, the computing system can
detect that a robotic device has entered or 1s about to enter
the physical region. To do so, the computing system could
receive from a light detector information representative of
detection of source i1llumination that 1s emitted from a sensor
system (e.g., a depth sensor) of the robotic device, but could
also do so in other ways.

Once the computing system detects that the robotic device
has entered or 1s about to enter the physical region, the
computing system may responsively determine at least one

type of sensor system being used by the robotic device. For
instance, the computing system may determine whether the

robotic device 1s using a LIDAR device, a structured light
scanner, a time-oi-tlight camera, and/or a stereo camera,
among other possibilities. Then, once the computing system
determines the type of sensor system used by the robotic
device, the computing system may use the determined type
of sensor system as basis for selecting a type of disturbing
illumination to use.

In particular, the computing system may select a type of
disturbing illumination that 1s most suitable for disturbing
the determined sensor system. By way of example, a struc-
tured light scanner 1s a 3D scanning device for measuring the
3D shape of an object using projected light patterns and a
camera system. Hence, to disturb a structured light scanner,
the computing system may select a spatial variation taklng
the form of a pattern projection (e.g., a random dot projec-
tion) as the type of disturbing illumination that should be
used. More specifically, the computing system could make
this selection since this pattern projection may disrupt the
projected light pattern emitted and/or detect by the struc-
tured light scanner. Moreover, when selecting the type of

disturbing illumination, the computing system may also
determine disturbing i1llumination characteristics that should

be used, such as frequency of the disturbing i1llumination and
intensity of the disturbing illumination, and may also con-
sider other factors.

Further, the computing system may also select a target
location within the physical region towards which the dis-
turbing 1llumination should be emitted. To do so, the com-
puting system could use determined characteristics of source
illumination as a basis for selecting the target location. For
example, the illumination characteristics may include a
direction of travel of the illumination and this direction
could be used by the computing system to determine a
location at which the disturbing 1llumination would intersect
with or would otherwise interfere with the sensor system
and/or with the source illumination. Other techniques are
also possible for selecting the target location.

Once the computing system selects the type of disturbing
illumination that should be used as well as the target
location, the computing system may then direct the appro-
priate light source to emit this type of disturbing 1llumina-
tion towards the target location and perhaps may direct the
appropriate light source to do so with certain determined
disturbing 1llumination characteristics. With this arrange-
ment, the disclosed methods and system could be thus used
to disturb or disable sensor systems of robotic devices. In
another aspect, these disclosed methods and systems could
also be used to mislead robotic devices, such as by causing
a target change i1n operation of a robotic device. In this
manner, these methods and system may ultimately keep
robotic devices away from physical regions where these
robotic devices should not operate.

II. ILLUSTRATIV.

SYSTEMS

(Ll

Referring now to the figures, FIG. 1A shows an example
configuration of a robotic device 100. Robotic device 100
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may be any device that has a computing ability and interacts
with 1ts surroundings with an actuation capability and/or
with ability to emit/generate physical phenomena such as
light and/or sound, among others. For instance, the robotic
device 100 may be a humanoid robot, a robotic arm, or a
quadruped robot, among others. Additionally, the robotic
device 100 may also be referred to as a robotic system, a
robotic manipulator, or a robot, among others.

The robotic device 100 1s shown to include processor(s)
102, data storage 104, program 1instructions 106, controller
108, sensor(s) 110, power source(s) 112, actuator(s) 114,
movable component(s) 116, and emitter(s) 118. Note that the
robotic device 100 1s shown for illustration purposes only
and robotic device 100 may include additional components
and/or have one or more components removed without
departing from the scope of the disclosure. Further, note that
the various components of robotic device 100 may be
arranged and connected 1n any manner.

Processor(s) 102 may be a general-purpose processor or a
special purpose processor (e.g., digital signal processors,
application specific integrated circuits, etc.). The
processor(s) 102 can be configured to execute computer-
readable program instructions 106 that are stored 1n the data
storage 104 and are executable to provide the functionality
of the robotic device 100 described herein. For instance, the
program 1nstructions 106 may be executable to provide
functionality of controller 108, where the controller 108 may
be configured to mstruct an actuator 114 to cause movement
of one or more movable component(s) 116.

The data storage 104 may include or take the form of one
or more computer-readable storage media that can be read or
accessed by processor(s) 102. The one or more computer-
readable storage media can include volatile and/or non-
volatile storage components, such as optical, magnetic,
organic or other memory or disc storage, which can be
integrated 1n whole or 1n part with processor(s) 102. In some
implementations, the data storage 104 can be implemented
using a single physical device (e.g., one optical, magnetic,
organic or other memory or disc storage unit), while 1n other
implementations, the data storage 104 can be implemented
using two or more physical devices. Further, in addition to
the computer-readable program instructions 106, the data
storage 104 may include additional data such as diagnostic
data, among other possibilities.

The robotic device 100 may include one or more sensor(s)
110 such as force sensors, proximity sensors, load sensors,
position sensors, touch sensors, depth sensors, ultrasonic
range sensors, inirared sensors, Global Positioning System
(GPS) receivers, sonar, optical sensors, biosensors, Radio
Frequency identification (RFID) sensors, Near Field Com-
munication (NFC) sensors, wireless sensors, compasses,
smoke sensors, light sensors, radio sensors, microphones,
speakers, radar, cameras (e.g., color cameras, grayscale
cameras, and/or infrared cameras), depth sensors (e.g., Red
Green Blue plus Depth (RGB-D), lasers, a light detection
and ranging (LIDAR) device, a structured-light scanner,
and/or a time-oi-tlight camera), a stereo camera, motion
sensors (e.g., gyroscope, accelerometer, mertial measure-
ment unit (IMU), and/or foot step or wheel odometry),
and/or range sensors (e.g., ultrasonic and/or infrared),
among others. The sensor(s) 110 may provide sensor data to
the processor(s) 102 to allow for appropriate interaction of
the robotic device 100 with the environment. Additionally,
the robotic device 100 may also include one or more power
source(s) 112 configured to supply power to various com-
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ponents of the robotic device 100. Any type of power source
may be used such as, for example, a gasoline engine or a
battery.

The robotic device 100 may also include one or more
actuator(s) 114. An actuator 1s a mechanism that may be
used to introduce mechanical motion. In particular, an
actuator may be configured to convert stored energy into
movement of one or more components. Various mechanisms
may be used to power an actuator. For instance, actuators
may be powered by chemicals, compressed air, or electricity,
among other possibilities. With this arrangement, actuator(s)
114 may cause movement of various movable component(s)
116 of the robotic device 100. The moveable component(s)
116 may include appendages such as robotic arms, legs,
and/or hands, among others. The moveable component(s)
116 may also include a movable base, wheels, and/or end
cllectors, among others.

Further, the robotic device 100 may also include one or
more emitter(s) 118. Each such emitter 118 may be config-
ured to emit source 1llumination that 1s then reflected from
objects 1n the environment and 1s then detected by sensors
(e.g., of the robotic device 100) so as to gain data about the
environment in which the robotic device 100 1s operating. In
practice, an emitter 118 may be incorporated as part of a
sensor system (e.g. one of the sensor(s) 110) used for such
detection. These sensor systems may include light detection
and ranging (LIDAR), a time-of-flight camera, and/or a
structured light scanner, among others. In other cases, sensor
systems such as stereo cameras may not use an emitter and
could instead use other sources of illumination (e.g., natural
lighting) that 1s reflected from objects 1n the environment
and 1s then detected so as to gain data about the environment
in which the robotic device 100 1s operating. The following
discussion will ntroduce these sensor systems in greater
detail.

In one example, a LIDAR device 1s an optical remote
sensing technology that can be used to obtain information
representative ol the environment i which the robotic
device 100 1s positioned. This mformation may include
distances between the LIDAR device and various objects
and/or properties of the objects. To obtain this information,
the LIDAR device may be configured to illuminate the
objects with light (e.g., ultraviolet, visible, or infrared etc.).
In particular, the LIDAR device may include a laser scanner
that emits many pulses of light over a short time period (e.g.,
100,000 pulses of light per second) and measures how long
it take each pulse to reflect back to the LIDAR device. These
times are used by the LIDAR device to compute the distance
cach pulse traveled from the scanner to the object off which
it reflected. In this manner, the LIDAR device could record
many data points in order to generate a three-dimensional
(3D) data cloud that 1s representative of the environment.

In another example, a time-of-tlight camera 1s a range
imaging camera system that may resolve distance based on
the known speed of light, measuring the time-oi-tflight of a
light s1ignal between the camera and the object for each point
of the image. The time-oi-flight camera may be considered
as a class of scannerless LIDAR, in which the entire scene
may be captured with each laser or light pulse, as opposed
to point-by-poimnt (e.g., with a laser beam) such as in
scanning LIDAR systems. In this manner, the time-of-flight
camera may be suitable for real-time applications as the
camera may be able to measure the distances within a
complete scene with a single shot (e.g., a single light pulse).

In yet another example, a structured light scanner 1s a 3D
scanning device for measuring the 3D shape of an object
using projected light patterns and a camera system. More
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specifically, the scanner may project light 1n a pattern (e.g.,
a series of parallel lines) that becomes distorted on the
surface of the object. The camera system may capture this
distortion and triangulation techniques may then be used to
calculate the distance to a specific point on the object,
thereby essentially measuring distortions caused by the
surface details of the object (e.g., displacement of the
parallel lines). As such, the scanner may use such distortions
to digitally reconstruct the object in greater detail, such as by
exact retrieval of the 3D coordinates of any details on the
object’s surface.

In yet another example, a stereo camera may include two
or more lenses with a separate image sensor for each lens.
As noted, these 1mage sensors may use other sources of
illumination (e.g., natural lighting) that 1s reflected from
objects 1n the environment and 1s then detected so as to gain
data about the environment. This arrangement may thus
allow the camera to use a stereo photography process to
capture 3D 1mages. To do so, each image sensor may capture
a separate two-dimensional (2D) image and the camera may
oflset the images separately to the left and right eye of the
viewer. As such, these 2D 1mages may be combined to give
the perception of 3D depth to the viewer. Other examples are
also possible.

A robotic device 100 may take on various forms. To
illustrate, refer to FIG. 1B showing an example humanoid
robot 120. As shown, the robotic arm 118 includes movable
component(s) 116, such as appendage 122, which allow the
humanoid robot 120 to move around and interact with the
environment. Additionally, the humanoid robot 120 1s shown
to iclude a sensor system 124, such as one or more of the
sensor systems discussed above. For example, the sensor
system 124 may be a LIDAR device, a time-of-thght cam-
era, a structured light scanner, and/or a stereo camera. Of
course, the sensor system 124 could also take on other
forms.

FIG. 2 1s a block diagram showing components of an
example computing system 200 that includes one or more
processors 202, data storage 204, program instructions 206,
and power source(s) 208. Note that the computing system
200 1s shown for 1llustration purposes only and computing
system 200 may include additional components and/or have
one or more components removed without departing from
the scope of the disclosure. Further, note that the various
components of computing system 200 may be arranged and
connected 1 any manner.

The above description of processor(s) 102, data storage
104, program instructions 106, sensor(s) 110, and power
source(s) 112 may apply to any discussion relating to the
respective component being used in another system or
arrangements. For instance, as noted, FIG. 2 (among other
possible figures) illustrates processors, data storage, pro-
gram 1nstructions, sensors, and/or power sources as being
incorporated 1n other arrangement. These components at
1ssue may thus take on the same or similar characteristics
(and/or form) as the respective components discussed above
in association with FIG. 1A. However, the components at
1ssue could also take on other characteristics (and/or form)
without departing from the scope of the disclosure. Accord-
ingly, the computing system 200 may take on various forms.
For instance, the computing system 200 may take the form
of a server, a cloud-based system, a desktop computer, a
laptop, a tablet, a wearable computing system, and/or a
mobile phone, among other possibilities.

FIG. 3A then shows an example arrangement including a
physical region 300. A physical region 300 may define a
portion of an environment 1n which people, objects, and/or
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machines may be located. The physical region 300 may take
on a two-dimensional or a three-dimensional (3D) form and
may be used for various purposes. For instance, the physical
region 300 may be used as a retail space, a manufacturing
facility, a distribution facility, an office space, a shopping
center, and/or an airport, among other examples. Addition-
ally, while a single physical region 300 i1s shown 1n FIG. 3 A,
example implementations may be carried out 1n the context
of a plurality of physical regions.

As shown, the physical region 300 may include one or
more sensor(s) 302, such as any of the sensor(s) 110
discussed above 1n association with FIG. 1A, among others.
Additionally, the one or more sensor(s) 302 may be posi-
tioned within or 1n the vicinity of the physical region 300,
among other possible locations. Further, an example imple-
mentation may also use sensors incorporated within existing
devices such as mobile phones, laptops, and/or tablets.
These devices may be 1n possession of people located 1n the
physical region 300 such as consumers and/or employees
within a retail space. Additionally or alternatively, these
devices may be items on display, such as 1n a retail space
used for sale of consumer electronics for example.

Further, as shown, the physical region 300 may include
one or more light detector(s) 304. Each such light detector
304 may be configured to detect light in the physical region
300, such as light emitted by a sensor system of the robotic
device 100 for mstance. In doing so, the light detector 304
may detect various characteristics of the light, such as
frequency and/or intensity of the light, among others. By
way of example, the light detector 304 may take the form of
a photodetector, among other possibilities.

Yet further, as shown, the physical region 300 may
include one or more light source(s) 306. As further discussed
in detail below, each such light source 306 may be config-
ured to emit some type of disturbing illumination that 1s
intended to disturb or deceive a sensor system of the robotic
device 100. This disturbing i1llumination may involve visible
light and/or may be imperceptible to humans (e.g., infrared
(IR) illumination). Moreover, each such light source 306
may be mounted on a ball mount or another mechanical
teature that 1s operable to rotate and/or move the light source
306 such that the emitted disturbing 1llumination could be
directed towards a target location (e.g., within the physical
region 300). In other examples, a light source 306 may be
mounted on a robotic arm or a 2-axis mount configured to
move light source 306. Additionally or alternatively, the
light source 306 may include a lens mechanism that is
configured to direct the respective emitted disturbing 1llu-
mination. Other examples are also possible.

The one or more light source(s) 306 could each take on
one of various forms. In one example, a light source 306
may be a digital light processing (DLP) projector. A DLP
projector may include a light emitter that emits light through
a spinning color wheel (e.g., red, green, and blue) onto a
DLP chip. The DLP chip containing an array of microscopic
mirrors each capable of tilting either towards a light emaitter
in the DLP projector (e.g. ON state) or away from the light
emitter (e.g., OFF state). This allows the mirrors to be turned
on and off according to the need for the particular color at
the moment. With this arrangement, the colors may follow
one another rapidly to result 1n an 1mage that appears to be
constantly lit. In this manner, the DLP projector can project
one of various patterns in various shapes and colors.

In another example, a light source 306 may be a light
emitting diode (LED). An LED 1s a PN junction diode that
1s capable of emitting light when activated. In particular,
when proper voltage i1s applied, electrons may recombine
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with holes so as to then release energy in the form of
photons. Depending on the energy bandgap of the semicon-
ductor, the LED may emait visible light of a certain color or
may emit 1mvisible light, such as ultraviolet or infrared for
instance. In this manner, different LEDs can emit light of
various Irequencies and intensities.

In yet another example, a light source 306 may be a light
bulb. Generally, the light bulb may produce light with a wire
filament that 1s heated to a high temperature by an electric
current that passes through the wire, thereby resulting 1n a
glow of visible light. Depending on various factors, this light
may be of varying intensities. Thus, the light bulb may be
very bright or may be very dim and may emit such light for
one of various durations. Of course, the one or more light
source(s) 306 could take on other forms as well.

As noted, different light sources may be configured to
emit different types of disturbing illumination. In one
example, disturbing illumination may take the form of a
spatial vaniation of light. In particular, the spatial vanation
may result in lighting at different spatial locations. In some
cases, the lighting at diflerent locations may take on different
characteristics. Hence, the spatial variation may take the
form ol a pattern projection. By way of example, the
projection may be a dot projection (e.g., a random dot
projection) including a plurality of “dots™ of light projected
onto the environment. Of course, the projection could also
take on other shapes and forms. In either case, this spatial
variation may be implemented by a DLP projector, among
other possibilities. Moreover, as discussed in further detail
below, this spatial variation may be effective for disturbing
or deceiving a structured-light scanner, such as by disturbing
the pattern emitted by the scanner and/or disturbing the
distortions detectable by the scanner for instance.

In another example, disturbing i1llumination may take the

form of temporal modulation defining emission of disturb-
ing 1llumination at particular or varying light characteristics.
These light characteristics may involve timing, frequency,
phase, and/or intensity of the 1llumination, among others. By
way of example, temporal modulation may 1volve light
tflickering at a particular frequency (e.g., 10 kHz). Of course,
the temporal modulation could also take on other forms. In
either case, this temporal modulation may be implemented
by one or more LEDs, among other possibilities. Moreover,
as discussed in turther detail below, this temporal modula-
tion may be effective for disturbing or decerving a time-oi-
flight camera and/or a LIDAR device, such as by disturbing
the light pulses emitted by such systems and/or the reflected
light pulses detected by such systems for instance.
In yet another example, disturbing 1llumination may take
the form of light flooding defining emission of disturbing
illumination at a relatively high light intensity for some time
period. By way of example, this light flooding may be
implemented by a light bulb capable of emitting light at a
relatively high intensity (e.g., a bright light bulb), among
other possibilities. Moreover, as discussed in further detail
below, this light flooding may be eflective for disturbing or
deceiving any of the sensor systems discussed above, such
as by overloading the sensor systems with light information
and thus interrupting the sensor system’s ability to properly
carry out the intended i1llumination detection for instance.
Other examples are also possible.

FIG. 3A also depicts the computing system 200 discussed
above 1n association with FIG. 2. This computing system
200 may be positioned within the physical region 300 or
outside of the physical region 300. In either case, the
computing system 200 may receive data from and/or trans-
mit data to the sensors 302, the light detector(s) 304, and/or
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the light source(s) 306 of the physical region 300. As shown,
this transmission ol data may occur via a communication
link 320. Communication link 320 may include a wired link
and/or a wireless link (e.g., using various wireless transmit-
ters and receivers). A wired link may include, for example,
a parallel bus or a serial bus such as a Universal Serial Bus

(USB). A wireless link may include, for example, Bluetooth,
IEEE 802.11 (IEEE 802.11 may refer to IEEE 802.11-2007,

IEEE 802.11n-2009, or any other IEEE 802.11 revision),
Cellular (such as GSM, GPRS, CDMA, UMTS, EV-DO,
WiIMAX, HSPDA, or LTE), or Zigbee, among other possi-

bilities. Furthermore, multiple wired and/or wireless proto-
cols may be used, such as “3G” or “4(G” data connectivity
using a cellular communication protocol (e.g., CDMA,
GSM, or WIMAX, as well as for “WiF1” connectivity using

802.11).

In other examples, the arrangement may include access
points through which the sensors 302, the light detector(s)
304, the light source(s) 306, and/or computing system 200
may communicate with a cloud server. Access points may
take various forms such as the form of a wireless access

point (WAP) or wireless router. Further, 11 a connection 1s
made using a cellular air-interface protocol, such as a
CDMA or GSM protocol, an access point may be a base
station 1n a cellular network that provides Internet connec-
tivity via the cellular network. Other examples are also
possible.

FIG. 3B shows an example physical region 308 including
an entrance/exit 310 for entering and exiting the physical
region 308. As shown, the physical region 308 includes a
proximity sensor 312 configure to detect entry (and exit) of
actors to the physical region 308 via the entrance 310. Of
course, the physical region 308 may also include other
sensors. Additionally, the physical region 308 1s shown to
include a light detector 314 positioned near a wall of the
physical region 308. This light detector 314 could take the
form of the light detector(s) 304, among other possibilities.
Of course, the physical region 308 may include more than
one light detector. Further, the physical region 308 1s shown
to include light sources 316 and 318 each taking the form of
one of the light source(s) 306 discussed above, among other
possibilities. These light sources 316 and 318 may be
positioned anywhere within the physical region 308. Of
course, while two light sources are shown, the physical
region 308 may include any number of light sources. Note
that this example region 308 i1s shown for illustration pur-
poses only and 1s not meant to be limiting as other example
physical regions are also possible.

.L

III. ILLUSTRATIVE

METHODS

FIG. 4 1s a flowchart illustrating a method 400, according,
to an example implementation. In particular, method 400
may be implemented to cause a light source in a physical
region to emit disturbing illumination towards a target
location within the physical region, so as to disturb or
deceive a sensor system of a robotic device.

Method 400 shown in FIG. 4 (and other processes and
methods disclosed herein) presents a method that can be
implemented within an arrangement involving, for example,
the robotic device 100, the computing system 200 and/or
components of the physical region 300 (or more particularly
by one or more components or subsystems thereot, such as
by a processor and a non-transitory computer-readable
medium having 1nstructions that are executable to cause the
device to perform functions described herein). Additionally
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or alternatively, method 400 may be implemented within any
other arrangements and systems.

Method 400 and other processes and methods disclosed
herein may include one or more operations, functions, or
actions as 1llustrated by one or more of blocks 402-408.
Although the blocks are 1llustrated 1n sequential order, these
blocks may also be performed in parallel, and/or 1n a
different order than those described herein. Also, the various
blocks may be combined into fewer blocks, divided into
additional blocks, and/or removed based upon the desired
implementation.

In addition, for the method 400 and other processes and
methods disclosed herein, the flowchart shows functionality
and operation of one possible implementation of present
implementations. In this regard, each block may represent a
module, a segment, or a portion of program code, which
includes one or more structions executable by a processor
for implementing specific logical functions or steps in the
process. The program code may be stored on any type of
computer readable medium, for example, such as a storage
device including a disk or hard drive. The computer readable
medium may include non-transitory computer readable
medium, for example, such as computer-readable media that
stores data for short periods of time like register memory,
processor cache and Random Access Memory (RAM). The
computer readable medium may also include non-transitory
media, such as secondary or persistent long term storage,
like read only memory (ROM), optical or magnetic disks,
compact-disc read only memory (CD-ROM), for example.
The computer readable media may also be any other volatile
or non-volatile storage systems. The computer readable
medium may be considered a computer readable storage
medium, for example, or a tangible storage device. In
addition, for the method 200 and other processes and meth-
ods disclosed herein, each block 1mn FIG. 2 may represent
circuitry that 1s wired to perform the specific logical func-
tions 1n the process.

At block 402, method 400 mvolves detecting, by a
computing system (e.g., computing system 200), that a
robotic device (e.g., robotic device 100) has entered a
particular physical region (e.g., physical region 300).

In an example implementation, detecting that the robotic
device 100 has entered the physical region 300 may involve
detecting that any portion of the robotic device 100 1s within
the coordinates of the physical region 300. Alternatively,
detecting that the robotic device 100 has entered the physical
region 300 may mvolve detecting that the robotic device 100
1s about to enter the physical region 300. Hence, this may
involve detecting that the robotic device 100 has entered a
physical region that 1s 1n the vicimity of the physical region
300 at 1ssue, such as by being located within a threshold
distance of the physical region 300 for instance. In either
case, various techniques may be used to detect that the
robotic device 100 has entered or 1s about to enter the
physical region 300.

In one example, the physical region 300 may include at
least one camera configured to provide to the computing
system 200 1mage data representative of the physical region
300. One of various 1mage processing techniques may then
be used to determine that the robotic device 100 has entered
the physical region 300. For instance, the computing system
200 may determine the outline of the robotic device 100
within the image data and may then refer to mapping data to
determine that the outline substantially matches an outline of
a robotic device. With this arrangement, the computing
system 200 may thus use 1mage data to determine that the
robotic device 100 entered the physical region 300 and could
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also use the image data to 1dentily various characteristics of
the robotic device 100. These characteristics may include
manufacturer, make, model, type, size, shape, and/or color
of the robotic device 100, among others.

In another example, the robotic device 100 may be
configured to emit (e.g., continuously or from time-to-time)
wireless signals having encoded thereon identification infor-
mation associated with the robotic device 100. The physical
region 300 may then have a wireless receiver configured to
receive such signals and to transmit such signals to the
computing system 200. The computing system 200 may then
decode such recerved signals to receive the identification
information. As such, the computing system 200 may use the
identification information to determine that the robotic
device 100 has entered the physical region 300 as well as to
identify the various characteristics of the robotic device 100.

In yet another example, as noted, the robotic device 100
may include one or more emitter(s) 118 each configured to
emit source 1llumination. Additionally, as noted, the physical
region 300 may include one or more light detector(s) 304
cach configured to detect light in the physical region 300,
such as light emitted by an emitter 118 of the robotic device
100 for instance. With this arrangement, a light detector 304
may detect light emitted by an emitter 118 of the robotic
device 100 and may transmit to the computing system 200
information related to the detected light. The computing
system 200 may then use the received information to deter-
mine characteristics of the detected light. Based on these
characteristics, the computing system 200 may make a
determination that the detected light originated from an
emitter (e.g., rather than being natural lighting), such as an
emitter 318 of the robotic device 100. To do so, the com-
puting system 200 could refer to mapping data that maps
certain light characteristics to certain sources of light and
could use the mapping data to make this determination.
Moreover, as further discussed below, these light character-
1stics may be used to identily the various characteristics of
the robotic device 100 and/or characteristics of the sensor
system used by the robotic device 100.

In yet another example, one or more sensors, such as
proximity and/or motion sensors, may be used to detect that
the robotic device 100 has entered the physical region 300.
Such sensors could be used 1n combination with the above-
mentioned techniques to also identify the robotic device
100. Of course, other example techniques (and/or combina-
tion of the above techniques) could also be used to detect
that the robotic device 100 has entered the physical region
300 and/or to 1dentity the robotic device 100.

FIG. SA 1llustrates example entry of the humanoid robot
120 1nto the physical region 308 via entrance 310. As noted,
the physical region 308 includes a proximity sensor 312
configure to detect entry (and exit) of actors to the physical
region 308 via the entrance 310. Hence, the proximity sensor
312 may detect entry of the humanoid robot 120 into the
physical region 308 and may inform the computing system
200 that an actor has entered the physical region 308.
Moreover, as noted, the physical region 308 includes a light
detector 314 positioned near a wall of the physical region
308. This light detector 314 may detect source 1llumination
502 (e.g., presented 1n the form of a dashed arrow directed
at the light detector 314) emitted from the sensor system 124
of the humanoid robot 120. The above-mentioned light
detector techniques could then be used to determine that the
humanoid robot 120 has entered the physical region 308
and/or to identily the humanoid robot 120. Other 1llustra-
tions are also possible.
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At block 404, method 400 involves, 1n response to detect-
ing that the robotic device has entered the particular physical
region, the computing system determining at least one type
of sensor associated with the robotic device, where the at
least one type of sensor 1s used to detect reflected 1llumi-
nation that 1s reflected from at least one object.

In an example implementation, once the computing sys-
tem 200 determines that the robotic device 100 entered the
physical region 300, the computing system 200 may then
determine the type of sensor system (1.e., the at least one
type of sensor) used by the robotic device 100. For instance,
the computing system 200 may determine whether the
sensor system includes a LIDAR device, a time-of-flight
camera, a structured light scanner and/or a stereo camera.
The computing system 200 may do so by identifying the
robotic device 100 (e.g., using the above-mentioned tech-
niques) and then determining the sensor system used by the
identified robotic device 100, such as by referring to map-
ping data that maps certain robotic devices (e.g., certain
robotic device models) to certain sensor systems. Alterna-
tively, the computing system 200 may directly determine the
sensor system and may do so in one of various ways.

For instance, as noted, the robotic device 100 may include
at least one emitter 118 that 1s used to emit source 1llumi-
nation. This source i1llumination may be emitted towards an
object and could be retlected off the object to result 1n
reflected illumination that could then be detectable by the
sensor system of the robotic device 100. When the source
and/or reflected i1llumination travel through the physical
region 300, at least one light detector 304 could detect one
or both of the source and reflected i1llumination. In doing so,
the light detector may generate a signal containing informa-
tion related to detection of the source (and/or retlected)
illumination and the computing system 200 may then
receive the signal containing this information. In this
instance, once the computing system 200 receives this
information, the computing system 200 may then use this
information to determine characteristics of the source (and/
or retlected illumination). The computing system 200 may
do so using various signal processing techniques currently
known or developed 1n the future or may use other tech-
niques. In either case, the computing system 200 may
determine one or more of various characteristics of the
source (and/or reflected) 1llumination.

In one example, the computing system 200 may deter-
mine an intensity of the illumination. This may specifically
involve determining a measure of radiant intensity, a mea-
sure of luminous intensity, a measure of wrradiance, and/or a
measure of radiance, among others. In another example, the
computing system 200 may determine a frequency and/or a
wavelength of the illumination. In yet another example, the
computing system 200 may determine a phase of the 1llu-
mination. This may specifically mvolve determining a frac-
tion of a light wave cycle that has elapsed relative to origin
of the light wave. Additionally or alternatively, this may
involve determining a distance between light waves, such as
between a light wave of the 1llumination and a light wave of
natural room lighting for instance. In yet another example,
the computing system 200 may determine a direction of
travel of the i1llumination, such as by determining an angle
of incidence of the illumination when the illumination
arrives at the surface of the light detector 304 for instance.
In yet another example, the computing system 200 may
determine duration of the illumination, such as by determin-
ing a duration for which the illumination 1s detected by the
light detector 304 for instance. In yet another example, the
computing system 200 may determine a pattern of the
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illumination, such as by determining distribution of light
intensity across the surface of the light detector 304 for
instance. Other examples are also possible.

Once the computing system 200 determines the charac-
teristics of the source (and/or reflected) i1llumination, the
computing system 200 may use the determined characteris-
tics as a basis for determining the type of sensor system used
by the robotic device 100. For instance, the computing
system 200 may do so by referring to mapping data that
maps certain combinations of 1llumination characteristics to
certain sensor systems due to different sensor systems likely
emitting 1llumination having somewhat different 1llumina-
tion characteristics. Based on this mapping data, the com-
puting system 200 may then determine at least one type of
sensor system likely being used by the robotic device 100.
Of course, the computing system 200 could also determine
the type of sensor system 1n other ways.

As noted, FIG. SA shows the light detector 314 that may
detect source illumination 502 emitted from the sensor
system 124 of the humanoid robot 120. FIG. 5A also shows
reflected illumination 504 that i1s reflected ofl the light
detector 314. While FIG. 5A shows detection of the source
illumination 502 by the light detector 314, the source
illumination 502 could reflect ofl a different object within
the physical region 308 to results in reflected 1llumination
504 that 1s then detectable by the light detector 314. As such,
FIG. 5A 1s shown for 1illustration purposes only and 1s not
meant to be limiting.

At block 406, method 400 involves, based on the deter-
mined at least one type of sensor, the computing system
selecting (1) at least one particular type of disturbing 1llu-
mination and (1) a target location within the particular
physical region.

In an example implementation, once the computing sys-
tem 200 determines the type of sensor system used by the
robotic device 100, the computing system 200 may use the
determined sensor system as a basis for determining a type
of disturbing illumination that should be used to disturb the
sensor system. To do so, the computing system 200 could
refer to mapping data that maps certain sensor systems to
certain types of disturbing i1llumination and could then select
the type of disturbing i1llumination based on this mapping
data. In some cases, the mapping data may indicate multiple
types of disturbing illumination that could be used to disturb
a particular sensor system. In such cases, the computing
system 200 may also consider other factors when selecting
between multiple potential types of disturbing i1llumination.
Such other factor may include, but are not limited to:
location of the robotic device 100 within the physical space,
characteristics of the source (and/or reflected illumination)
and/or the target location further discussed in detail below,
among others.

Further, in addition to determiming the type of disturbing
i1llumination that should be used to disturb the sensor system,
the computing system 200 could also determine a combi-
nation of one or more characteristics of the disturbing
illumination with which the disturbing illumination should
be applied. To determine the combination, the computing
system 200 could refer to mapping data that maps certain
sensor systems to certain combinations of characteristics of
disturbing illumination and could then select the combina-
tion of the characteristics based on this mapping data. It the
mapping data indicates multiple possible combinations that
could be used, the computing system 200 may also consider
other factors to selecting between multiple such combina-
tions, such as by considering the above-mentioned other
factors.
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In another example implementation, as noted, the com-
puting system 200 could determine characteristics of the
source (and/or reflected) 1llumination. In this implementa-
tion, the computing system 200 could refer to mapping data
that maps certain characteristics of the source (and/or
reflected) i1llumination to certain types of disturbing 1llumi-
nation that could be used to disturb this source (and/or
reflected) 1llumination detectable by a sensor system. The
computing system 200 may then use this mapping data to
determine the type of disturbing illumination. Further, the
computing system 200 could also refer to mapping data that
maps certain characteristics of the source (and/or retlected)
illumination to certain combinations of characteristics of
disturbing illumination and could then select the combina-
tion of the characteristics based on this mapping data. In a
similar manner to the implementation discussed above, the
computing system 200 could consider other factors when
determining that there are multiple possible selections based
on mapping data. Other implementations are also possible.

The above-mentioned characteristics of the disturbing
illumination could take various forms and could each be
used 1n various ways. In one example, the computing system
200 may determine intensity of the disturbing illumination.
For instance, the computing system 200 may select a dis-
turbing illumination intensity that 1s higher than a deter-
mined intensity of the source (and/or retlected) 1llumination,
sO as to cause the sensor system to detect a false intensity for
example. In another example, the computing system 200
may determine frequency of the disturbing 1llumination. For
instance, the computing system 200 may select a disturbing
illumination frequency that i1s different than a determined
frequency of the source (and/or reflected) 1llumination, so as
to cause the sensor system to detect a false frequency or set
of frequencies for example. In yet another example, the
computing system 200 may determine a phase of the dis-
turbing illumination. For instance, the computing system
200 may select a phase for the disturbing i1llumination that
1s different than a determined phase of the source (and/or
reflected) illumination, so as to result in destructive inter-
terence between light waves of the disturbing 1llumination
and light waves of the source (and/or reflected) 1llumination.

In yet another example, the computing system 200 may
determine a direction of travel for the disturbing 1llumina-
tion. For instance, the computing system 200 may determine
a direction of travel that would cause the disturbing 1llumi-
nation to intersect with the source (and/or reflected) 1llumi-
nation in at least one location of the physical region 300.
Moreover, determining this direction of travel may be fur-
ther based on the target location as further discussed below.
In yet another example, the computing system 200 may
determine a duration for which the disturbing 1llumination
should be emitted. For instance, the computing system 200
may determine that the disturbing illumination should be
emitted for as long as source (and/or reflected) illumination
1s being detected. In yet another example, the computing
system 200 may determine a pattern of the disturbing
illumination. For instance, the computing system 200 may
select a pattern for the disturbing i1llumination that 1s differ-
ent than a determined pattern of the source (and/or reflected
illumination), so as to cause the sensor system to detect a
talse pattern for example. Of course, other characteristics
and example uses are also possible.

Specific scenarios will now be discussed with regards to
selection of specific types of disturbing illumination for
various types of sensor systems, such as for the various
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sensor systems discussed above. Note that these scenarios
are provided for exemplary purposes only and are not meant
to be limiting.

In one example scenario, 1f the computing system 200
determines that the sensor system used by the robotic device
100 1s a structured light scanner, the computing system 200
may select a spatial variation as the type of disturbing
illumination that should be used. As noted above, a struc-
tured light scanner 1s a 3D scanning device for measuring the
3D shape of an object using projected light patterns and a
camera system. Since the spatial variation may take the form
ol a pattern projection (e.g., a random dot projection), this
pattern projection may disrupt the projected light pattern
emitted and/or detect by the structured light scanner.

In another example scenario, 11 the computing system 200
determines that the sensor system used by the robotic device
100 1s a time-of-tlight camera and/or a LIDAR device, the
computing system 200 may select temporal modulation as
the type of disturbing 1llumination that should be used. As
noted above, a LIDAR device may emit many light pulses
for capturing a scene while time-oi-flight cameras may emit
a single such light pulse for capturing a scene. In either case,
such light pulses could be disturbed using temporal modu-
lation because temporal modulation mvolves emission of
disturbing 1llumination at particular or varying light char-
acteristics, such as particular or varying timing, frequency,
phase, and/or intensity of the illumination. By way of
example, temporal modulation may mvolve light flickering
at a particular frequency (e.g., 10 kHz). This may cause a
LIDAR device and/or a time-oi-flight camera to detect such
light flickering and may make 1t diflicult for such sensor
systems to distinguish between the reflected light pulses and
the light flickering, thereby resulting in false detection.
Moreover, given the number of light pulses used by LIDAR
device, temporal modulation may be emitted with a high
light intensity to disturb a LIDAR device compared to the
light intensity that may be used to disturb a time-of-tlight
camera.

In yet another example scenario, 11 the computing system
200 determines that the sensor system used by the robotic
device 100 1s a stereo camera, the computing system 200
may select light flooding as the type of disturbing 1llumi-
nation that should be used. The computing system 200 could
make this selection since light flooding may be eflective for
disturbing or deceiving any most sensor systems, such as by
overloading the sensor systems with light information and
thus interrupting the sensor system’s ability to properly
carry out the intended i1llumination detection for instance.
Hence, 11 the computing system 200 determines that any of
the above-mentioned sensor systems are used by the robotic
device 100, the computing system 200 may select light
flooding as the type of disturbing 1llumination that should be
used and may do so 1 addition or alternatively to the other
possible selections discussed above. Other example sce-
narios are also possible.

In this manner, the computing system 200 may use such
techniques to select a type of disturbing illumination. In
doing so, if the computing system 200 selects a particular
type of disturbing illumination, the computing system 200
may select a single light source that would emait this par-
ticular type of disturbing illumination or may select two or
more light sources that would each emit this particular type
of disturbing illumination. In the event that two or more light
sources are selected, each light source may emait this par-
ticular type of disturbing 1llumination with the same char-
acteristics or different light sources may emit this particular
type of disturbing 1llumination with different characteristics.
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In other situations, the computing system 200 could select
two or more types of disturbing illumination that should be
used. In such situations, the computing system 200 may
select at least one light source for each type of selected
disturbing 1llumination. Other situations are also possible.

In a further aspect, the disturbing illumination may be
used for causing the sensor system to detect certain 1llumi-
nation that would ultimately result 1n a target change in
operation of the robotic device 100. Accordingly, the com-
puting system 200 may determine a target change 1n opera-
tion of the robotic device 100. By way of example, referring,
again to FIG. 5A, the computing system 200 may seek to
cause the humanoid robot 120 to turn around and exit the
physical region 308 via exit 310.

To cause the target change 1n operation, the computing,
system 200 may determine a particular type of disturbing
1llumination and/or particular disturbing 1llumination char-
acteristics that would result 1n this target change. For
instance, the computing system 200 may determine a par-
ticular light pattern that, once detected by the sensor system,
would be interpreted by the robotic device 100 as the robotic
device 100 being positioned in an environment that is
different than the environment where the robotic device 1s
actually positioned. By way of example, the computing
system 200 may determine a pattern that would cause the
humanoid robot 120 to interpret the detection as though the
humanoid robot 120 1s positioned within close proximity to
a wall. This may thus cause a change 1n operation of the
humanoid robot 120 that would result in the humanoid robot
120 turning around and exiting the physical region 308 via
the exit 310. Of course, other examples are also possible.

As noted above, based on the determined sensor system
and/or other factors, the computing system 200 could also
select a target location within the physical region 300
towards which the disturbing illumination should be emit-
ted. The computing system 200 could make this selection in
various ways. For example, the computing system 200 may
use determined characteristics of source (and/or retlected)
illumination as a basis for selecting the target location. For
example, the illumination characteristics may include a
direction of travel of the i1llumination. In this example, the
computing system 200 could determine location of the
sensor system and/or the direction of travel of the illumi-
nation and, based on such determinations, then determine
optimal locations at which the disturbing 1llumination would
intersect with or would otherwise interfere with the sensor
system and/or with the source (and/or reflected) 1llumina-
tion.

In another example, the computing system 200 may
determine the target location by observing (e.g., using image
data) the sensor system of the robotic device 100 and then
determining orientation of the sensor system. In doing so,
the computing system 200 may select the target location
based at least in part on the orientation of the sensor system,
such as by ensuring that the disturbing 1llumination arrives
at a portion of the sensor system (e.g., a light detector within
the sensor system) that would then disturb the sensor system.
In yet another example, the computing system 200 may
determine areas within the physical region 300 for which the
robotic device 100 should recerve false data and could then
select such areas as target locations. Moreover, i this
regard, the computing system 200 could select diflerent
areas for diflerent types of robotic devices.

An optimal target location could be at one of various
locations. In one example, the target location may be a
location along the path of travel of the source i1llumination.
In another example, the target location may be a location
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along the path of travel of the reflected 1llumination. In yet
another example, the target location may be a location where
the source illumination 1s reflected ofl an object to result in
the retlect 1llumination. In yet another example, the target
location may be the location of the sensor system. In yet
another example, the target location may be a location where
the path of travel of the source illumination 1s sufliciently
near (e.g., within a threshold distance of) the path of travel
of the reflected 1llumination, so as to simultaneously disturb
both the source and retlected illumination. Other examples
are also possible.

Further, 1n the event that two or more light sources are
selected for emitting disturbing illumination, each light
source may emit disturbing illumination towards the same
target location. This may specifically mvolve the light
sources emitting this disturbing 1llumination simultaneously
or different source doing so at different times. Alternatively,
in the event that two or more light sources are selected for
emitting disturbing illumination, different light source may
emit disturbing illumination towards different target loca-
tion. Similarly, in this case the light sources may emait this
disturbing illumination simultaneously or different light
sources may do so at diflerent times. Whereas, 1n the event
that a single light source 1s selected for emitting disturbing
illumination, this light source may (e.g., continuously or
from time-to-time) emit disturbing illumination towards the
same target location. Alternatively, 1n the event that a single
light source 1s selected for emitting disturbing illumination,
this light source may emit disturbing i1llumination towards
different target locations at diflerent times. Other example
approaches are also possible.

At block 408, method 400 involves, the computing system
directing at least one light source to emit the selected at least
one particular type of disturbing illumination towards the
selected target location so as to disturb the retlected 1llumi-
nation detectable by the robotic device using the at least one
type of sensor.

In an example implementation, once the computing sys-
tem 200 determines the type of disturbing illumination to
use and the target location, the computing system 200 may
then direct the appropriate light source to emit the selected
type of disturbing i1llumination towards the selected target
location. Moreover, 1f a specific combination of disturbing
illumination characteristics were selected, the computing
system 200 may then direct the appropriate light source to
emit the selected type of disturbing 1llumination towards the
selected target location and to do so with the selected
characteristics. Once the appropriate light source emits the
selected type of disturbing i1llumination towards the selected
target location, this disturbing i1llumination may disturb the
sensor system, the source (and/or reflected) illumination,
and/or may cause an target change 1n operation of the robotic
device.

FIG. 5B illustrates an example emission of disturbing
illumination. As shown, light source 316 emits disturbing
illumination 506 towards a target location 508. In particular,
this disturbing illumination 506 may be spatial variation and
1s shown as arriving at the target location 508 1n the form of
a dot pattern projection. The target location 508 1s located 1n
such a way that that the reflected illumination 504 1s
disturbed by the disturbing illumination 506. In particular,
the target location 508 1s shown as located at the sensor
system 124 but may be everywhere on the surfaces in the
physical region 308. In some cases, the disturbing 1llumi-
nation 506 could be reflected ofl participating media (e.g.,
dust, fog, or other impurities) and thus the target location
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508 could also be the location of such participating media.
Other cases and illustrations are also possible.

V. CONCLUSION

The present disclosure 1s not to be limited 1n terms of the
particular implementations described i1n this application,
which are intended as illustrations of various aspects. Many
modifications and variations can be made without departing,
from 1ts spirit and scope, as will be apparent to those skilled
in the art. Functionally equivalent methods and apparatuses
within the scope of the disclosure, in addition to those
enumerated herein, will be apparent to those skilled 1n the art
from the foregoing descriptions. Such modifications and
variations are intended to fall within the scope of the
appended claims.

The above detailed description describes various features
and functions of the disclosed systems, devices, and meth-
ods with reference to the accompanying figures. In the
figures, similar symbols typically identily similar compo-
nents, unless context dictates otherwise. The example imple-
mentations described herein and in the figures are not meant
to be limiting. Other implementations can be utilized, and
other changes can be made, without departing from the spirit
or scope of the subject matter presented herein. It will be
readily understood that the aspects of the present disclosure,
as generally described herein, and illustrated 1n the figures,
can be arranged, substituted, combined, separated, and
designed 1n a wide variety of diflerent configurations, all of
which are explicitly contemplated herein.

The particular arrangements shown 1n the figures should
not be viewed as limiting. It should be understood that other
implementations can include more or less of each element
shown 1n a given figure. Further, some of the illustrated
elements can be combined or omitted. Yet further, an
example implementation can include elements that are not
illustrated 1n the figures.

While various aspects and implementations have been
disclosed herein, other aspects and implementations will be
apparent to those skilled 1n the art. The various aspects and
implementations disclosed herein are for purposes of 1llus-

tration and are not intended to be limiting, with the true
scope being indicated by the following claims.

I claim:

1. A method comprising:

receiving, at a computing system, a light emission detec-

tion from a light sensor system located in a physical

space, the light emission detection indicating;:

a presence ol a robot in the physical space; and

at least one characteristic of emitted light from the
robot into the physical space;

determining, by the computing system, a type of a sensor

system of the robot based on the at least one charac-
teristic of the emitted light; and

commanding, by the computing system, a light source in

the physical space to emit a light disturbance into the
physical space based on the determined type of the
sensor system of the robot, the light disturbance con-
figured to disrupt sensor system of the robot.

2. The method of claim 1, wherein the at least one
characteristic of the emitted light comprises one or more of:
(1) an ntensity of the emitted light, (1) a frequency of the
emitted light, (111) a phase of the emitted light, (1v) a
direction of travel of the emaitted light, (v) a duration of the
emitted light, and (v1) a pattern of the emitted light.
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3. The method of claim 1, further comprising;:

determining, by the computing system, a target change in

operation of the robot;
determining, by the computing system, 1llumination char-
acteristics of the light disturbance causing the deter-
mined target change in operation of the robot; and

commanding, by the computing system, the light source
in the physical space to emit an altered light distur-
bance 1nto the physical space based on the determined
illumination characteristics causing the determined tar-
get change 1n the operation of the robot.

4. The method of claim 1, wherein the sensor system of
the robot comprises one or more of: (1) a light detection and
ranging (LIDAR) device; (1) a time-of-tlight camera; (111) a
structured light scanner; and (1v) a stereo camera.

5. The method of claim 1, wherein the light source
comprises one or more ol: (1) a digital light processing

(DLP) projector; (11) a light emitting diode (LED); and (111)
a light bulb.
6. The method of claim 1, wherein the emitted light
disturbance comprises one or more of: (1) spatial variation,
(1) temporal modulation, and (111) light flooding.
7. The method of claim 1, further comprising:
when the determined type of the sensor system of the
robot comprises a structured light scanner, selecting, by
the computing system, the light disturbance as one or
more of (1) a spatial variation and (11) light flooding;

when the determined type of the sensor system of the
robot comprises a light detection and ranging (LIDAR)
device, selecting, by the computing system, the light
disturbance as one or more of (1) temporal modulation
and (1) light flooding;

when the determined type of the sensor system of the

robot comprises a time-of-tlight camera, selecting, by
the computing system, the light disturbance as one or
more of (1) temporal modulation and (11) light flooding;
and

when the determined type of the sensor system of the

robot comprises a stereo camera, selecting, by the
computing system, the light disturbance as light flood-
ng.

8. A system comprising:

data processing hardware; and

memory hardware 1n commumnication with the data pro-

cessing hardware, the memory hardware storing
instructions that when executed on the data processing
hardware cause the data processing hardware to per-
form operations comprising:

recerving a light emission detection from a light sensor

system located 1n a physical space, the light emission

detection indicating:

a presence ol a robot in the physical space; and

at least one characteristic of emitted light from the
robot into the physical space;

determinming a type of a sensor system of the robot based

on the at least one characteristic of the emitted light;
and

commanding a light source 1n the physical space to emit

a light disturbance into the physical space based on the
determined type of the sensor system of the robot, the
light disturbance configured to disrupt sensor system of
the robot.

9. The system of claim 8, wherein the at least one
characteristic of the emitted light comprises one or more of:
(1) an intensity of the emitted light, (11) a frequency of the
emitted light, (111) a phase of the emitted light, (iv) a
direction of travel of the emitted light, (v) a duration of the
emitted light, and (v1) a pattern of the emitted light.
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10. The system of claim 8, wherein the operations further
comprise:

determining a target change 1n operation of the robot;

determining 1llumination characteristics of the light dis-

turbance causing the determined target change in
operation of the robot; and

commanding the light source 1n the physical space to emit

an altered light disturbance into the physical space
based on the determined i1llumination characteristics
causing the determined target change in the operation
of the robot.

11. The system of claim 8, wherein the sensor system of
the robot comprises one or more of: (1) a light detection and
ranging (LIDAR) device; (1) a time-of-flight camera; (111) a
structured light scanner; and (1v) a stereo camera.

12. The system of claim 8, wheremn the light source
comprises one or more ol: (1) a digital light processing
(DLP) projector; (1) a light emitting diode (LED); and (111)
a light bulb.

13. The system of claim 8, wherein the emitted light
disturbance comprises one or more of: (1) spatial variation,
(11) temporal modulation, and (111) light flooding.

14. The system of claim 8, wherein the operations further
comprise:

when the determined type of the sensor system of the

robot comprises a structured light scanner, selecting the
light disturbance as one or more of (1) a spatial variation
and (11) light flooding;
when the determined type of the sensor system of the
robot comprises a light detection and ranging (LIDAR)
device, selecting the light disturbance as one or more of
(1) temporal modulation and (11) light flooding;

when the determined type of the sensor system of the
robot comprises a time-of-flight camera, selecting the
light disturbance as one or more of (1) temporal modu-
lation and (1) light flooding; and

when the determined type of the sensor system of the

robot comprises a stereo camera, selecting the light
disturbance as light flooding.
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15. The method of claim 1, further comprising;:

identitying, by the computing system, the robot based on

the at least one characteristic of the emaitted light from
the robot 1nto the physical space; and

determiming, by the computing system, the type of the

sensor system of the robot by referring to mapping data
that maps 1dentifications of robots to certain sensor
systems.

16. The system of claim 8, wherein the operations further
comprise:

identifying the robot based on the at least one character-

istic of the emitted light from the robot into the physical
space; and

determining the type of the sensor system of the robot by

referring to mapping data that maps i1dentifications of
robots to certain sensor systems.

17. The method of claim 1, wherein the light emission
detection comprises a detection of one or more of the
emitted light from the robot into the physical space and a
reflected i1llumination of the emitted light from the robot mnto
the physical space.

18. The system of claim 8, wherein the light emission
detection comprises a detection of one or more of the
emitted light from the robot into the physical space and a
reflected illumination of the emitted light from the robot 1nto
the physical space.

19. The method of claim 1, further comprising determin-
ing, by the computing system, a location of the robot within
the physical space based on the light emission detection,
wherein the light disturbance 1s based on the location of the
robot.

20. The system of claim 8, wherein the operations further
comprise determinming a location of the robot within the
physical space based on the light emission detection,
wherein the light disturbance 1s based on the location of the
robot.
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